The effect of vitamin B6 deficiency was studied on glycogen metabolism in the gastrocnemius muscle, heart, and liver of rats. The glycogen phosphorylase activities in the gastrocnemius muscle and heart but not in the liver of vitamin B6-deficient rats were significantly de creased.
The effect of vitamin B6 deficiency was studied on glycogen metabolism in the gastrocnemius muscle, heart, and liver of rats. The glycogen phosphorylase activities in the gastrocnemius muscle and heart but not in the liver of vitamin B6-deficient rats were significantly de creased.
The decrease in the enzyme activity in the gastrocnemius muscle was due to decrease in the amount of enzyme. The glycogen content of the muscle of vitamin B6-deficient rats was higher than that of the controls, but the glycogen content of the liver was similar in the two groups. These data suggest that glycogen degradation was impaired in the muscle but not the liver of vitamin B6-deficient rats.
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Glycogen is mainly formed in the liver and muscle. Muscle glycogen acts as a readily available source of glucose for glycolysis within the muscle itself, whereas liver glycogen is mainly related to the export of glucose for maintenance of the blood glucose level.
The first step in glycolysis is catalyzation by glycogen phosphorylase (EC 2.4. 1.1), which exists as a number of isozymes in mammals, of which the isozyme in rabbit skeletal muscle has been studied most extensively. This enzyme was discovered in 1936 (1) and shown to be dependent on AMP for activity. A covalent mechanism of interconversion of the active and inactive forms of this enzyme was reported as early as 1943 (2, 3) . The roles of phosphorylase b kinase and phos phorylase phosphatase in phosphorylation/dephosphorylation were first established in 1956 (4, 5) . Differences in liver (L) and muscle (M) phosphorylases were first demonstrated in 1956 by Wosilait and Sutherland (6) . The third enzyme with properties intermediate between those of the L and M forms is known as the brain or fetal type (7) . The family of glycogen phosphorylases was reviewed by Newgard et al. (8) .
Phosphorylases contain pyridoxal phosphate, as a cofactor, covalently bound via a Schiff base to an active site lysine (9, 10) . There have been several reports on the effects of vitamin B6 (VB6) deficiency on phosphorylase, but the results were not consistent; for instance, there are reports of depletion of muscle phosphorylase in VB6-deficient rats and mice (11) (12) (13) and other reports of a normal level of phos phorylase in gastrocnemius muscle in VB6-deficient rats (14, 15) .
In the present study we observed decreases in the activities and amounts of muscle phosphorylase, and consequently impairment of glycogen metabolism in the gastrocnemium muscle of VB6-deficient rats. 
RESULTS
Effect of VB6 deficiency on protein and glycogen contents of the gastrocnemius muscle, heart, and liver As shown in Table 1 , the weights of the gastrocnemius muscle, heart, and liver, expressed as g per 100g body weight, were not significantly different in the control and VB6-deficient rats. The contents of soluble proteins in heart and liver were also very similar in the two groups, while a decrease in that in the gastrocnemius muscle was observed in VB6-deficient rats. As shown in the electrophoretic pattern (Fig.  1a) , the band of protein corresponding to a M. W. of about 97,000 in the prepa ration from VB6-deficient rats decreased. No distinct difference was observed in the electrophoretic patterns of liver and heart proteins in the two groups (Fig. 1b, 1c) . The glycogen content of the gastrocnemius muscle was higher in VB6-deficient rats than in the controls, suggesting impaired glycogen metabolism in the muscle of VB6-deficient rats (Table 1) . However the liver glycogen contents in the two groups were similar.
Effect of VB6 deficiency on glycogen phosphorylase activities
The glycogen phosphorylase activities in the gastrocnemius muscle, heart, and liver of VB6-deficient and control rats are compared in Table 2 . The activities were lower in the gastrocnemius muscle and heart from VB6-deficient rats than in these tissues from control rats. The liver phosphorylase activities in control and VB6-deficient rats were not significantly different. Addition of pyridoxal phosphate to the assay medium had no effect on the enzyme activity in any case tested. We examined whether the decrease in phosphorylase activity in the muscle of VB6-deficient rats was due to a decrease in the amount of enzyme by immuno blotting. As shown in Fig. 2 , a decrease in the amount of enzyme was observed in VB6-deficient rats. Thus VB6 deficiency seemes to result in a decrease in the content of muscle phosphorylase. The decrease may result in impaired glycogen catabolism and an increase in the glycogen content of the muscle.
DISCUSSION
VB6 acts as the coenzyme of various enzymes especially those related to amino acid metabolism. Previously, we studied the effect of VB6 deficiency on aspartate aminotransferase in rats (26) (27) (28) . The VB6 deficiency differently affects the activ ities and the amounts of aspartate aminotransferase isozymes in different tissues; it resulted in decreases in the activities but not the amounts of both isozymes in the liver. No change was measured in the amount of cytosolic aspartate aminotran sferase but there was a decrease in the amount of mitochondrial enzyme found in muscle.
In the present work, we studied the effect of VB6-deficiency on glycogen phosphorylase. In VB6-deficient rats, the glycogen phosphorylase activities in the gastrocnemius muscle and heart were decreased, and the enzyme amount in the gastrocnemius muscle was proportional to the activity ( Table 2 , Fig. 2 ). The addition of pyridoxal phosphate to the reaction medium had no effect on the enzyme activity in any case, indicating that no apoenzyme molecules were present in the tissues tested. This suggests that apoenzyme molecules are degraded because of their lability or that synthesis of phosphorylase is dependent on pyridoxal phosphate.
In some previous studies on the phosphorylase activity in the muscle of pyridoxine-deficient animals, the enzyme activity was found to be reduced (11) (12) (13) , whereas in others it was not decreased, even though aspartate and alanine ami notransferae activities in the muscle were decreased (14, 15) . In this study we observed a decrease in the amount of phosphorylase and an increase in the content of glycogen in the muscle of VB6-deficient rats. Based on the finding of a high content of the enzyme in muscle, Krebs and Fischer proposed that muscle phosphorylase acts as a repository of vitamin B6 (29) . They calculated that 60% of the vitamin present in rat muscle was present in phosphorylase. As phosphorylase constitutes nearly 5% of the soluble protein in muscle (30) and muscle accounts for about 40% of the body mass, this enzyme would have a substantial capacity for storage of VB6. Black et al. reported that muscle phosphorylase and total muscle VB6 increased steadily in rats fed high levels of VB6 (31) . Their results support the hypothesis of Krebs and Fischer that muscle phosphorylase acts as a reservoir for VB6 in animals. When the intake of VB6 becomes inadequate, this vitamin may be mobilized from tissue reservoirs, such as muscle phosphorylase, to provide VB6 for other essential metabolic processes.
